
��
��

����
��
	

� ���
��

�� 

�� �
�
� 
�� �

� ��
�� �
� ��
�� � ��
������
 � !
� �#"
�!� �$!
��&%'
( �� � �) *!
) !�
+� �� (



, -. /01
2

3456 78 9:; <8= > ?
@ACBDDE

F G
H IJK
L

M�� %N� O
) !�� �� O

M�P ��Q
RS �� �UT%P ��Q
R%�� O�
�N�N !�
�

MV�� �N T�
�)P ��Q�%% !
��

MWQ�
(%N !Q O�
)� X%

M�P �� Y�
�Q� O
P � �%�N !�
�

M� N�N !Q
� ��P R)�Q�
) !��

MZ �
�Q X
(% !�
�

[\]

^



6A ;.2 _` 0@a 9@ _

3456 78 9:; <8= > ?
@ACBDDE

bcedHL f
g Jhikjh f

segm
entation

S
peech/non-speech

0.11xR
T

S
A

 decoding

S
I decoding

V
T

LN

F
M

LLR

M
LLR

S
peech

W
ords

0.01xR
T

0.02xR
T

0.04xR
T

0.04xR
T

0.63xR
T

[\]

B



6= 22l <m 18 1 n;= 22l <;2a _2 1.@. 08 1

3456 78 9:; <8= > ?
@ACBDDE

bo LLp q
r K
s K
tdo LLp q
dLi f
L K
HhH Js K

u!N�
�' !
)�Q�
) !��wv�
��N
 �
 �
�) x�Q�'
( X� ��

My�Q
RN� P �� v%�� O�
�N !% O�
)� X�)'
� �
z T%N�N�
{++

M� �� O�
�N !
�%�
�N !�
�P � �� XN
� Q�
�N �� X%
�( O'�
�� �))( ��N !�
�� v%�� O�
�N%

M�P ��Q
R| ��%PU}
�� �UT%P ��Q
R~ � ++%N !�)�Q
��%%� XX
%N�N�% !
�� O�
)� X

M� ++%�'N� !
��)'
� '�NN� O
T(P Q X
(%N�
�!�� � vN
R�
� �
� �(%% !� �%
|���
� v�
�

%P ��Q
R� �) ��v�
�% !X�
�Q�~

M{� P �N
R�% !��)%P ��Q
R%�� O�
�N%� �N�
�)�)'
� �)) !N !�
�� X
�� v
�� O�%

M� x�
�X�PP !�� %�� O�
�N%� �� O
�
�� �)N�
� �N
R� �

[\]

E



6= 22l <m 18 1 n;= 22l <;2a _2 1.@. 08 1

3456 78 9:; <8= > ?
@ACBDDE

b Li f
L K
HhH Js K
o L j�
s jf
h Kp
L

M�( O'�
�� v%�� O�
�N% �

�� v�
�� �Q�
W�
� ���
�"
+

��z�

�� ��

��� �

M��
�)�
��� ���N� �

�� v�
�� �Q�
W�
� �
�"
+

� �
)�Q�
) !��
�� }��
�� }z�
�� }z�

� W)�Q�
) !��
�
� }��
�
� }�
�
�
� }��

M�P ��) �� }��� ���
| � O
� %~

�
Z �
( �N�%� � v
W�) ��� *
� � X� �

[\]

�



�98 1. n2 1`= 98l2;; 01a

3456 78 9:; <8= > ?
@ACBDDE

�js K
H tL K
g
o jsp
Ldd JK
i

�
 �N
� P �%� vv��N
( ��% �

M�
� T) !O
+VZZ % v�
�%�� O�
�N�N !�
�� �)%P �� Y�
�!�)�P � �)� �N
)�Q�
) !��

M�� T) !O
u�* T � �P �) �*�Q�
P %N
�� v�
�%P �� Y�
��)�P N�))�Q�
) !��

Z � OO�
�Q
R� ��QN�
�!%N !Q% �

M�
z O%
{� OO!
��  !�)�  � �� O
%% R!vN

M�P �QN
�� X
���
�!�� '
� �)) !�� �' !N
P �!� �N�N
R�
+� X' !
��!��

M��
�!�)�� �� O
� x�
��� !��| �� XQ
R% O��N
R!��~

Myx�
�� �!��Q�
�%�Q
(N !x� v
�� O�%� ��Q�
�Q�N�
��N�)� �)P ��� �QN�))�  �N�

�� T) !ON
R��(� R*
�W� +**�

[\]

�



4l8-;. 0l _8`2 /;

3456 78 9:; <8= > ?
@ACBDDE

 p
sGdH Jp f
sgL Id

M�
R� ��N !Q
¡ (�%N !�
�%
 !N
R!�� ��� TP R� ��
 !�)�   !N
RX� vNQ
��%% T �
�)

�Q�
(%N !QQ�
�N� �N�
�X�

M*�� x�%� vN
R�
)�Q !% !�
�N
���� �� O�
)� X�)'
� �N O�%N
��
� ) !�� � �� X

Q� x� �!� �Q�
� �(%% !� �%

M�( O'�
�� v
� �(%% !� �%
)�N�
�O!
��)(% !
�� "�Z

�( O'�
�� v

� �

� W

X�� x�%

�}� $

�}� $

� �(%% !� �%
��� $
�z� $

M� W�O�
)� X%N
�� !��)N
R��(� R!O
P X!Q !N TX�NN !Q�
++�y¢ �"
+
��¤£� �

¥

M�
�� !�!�� )�N� ��
�� R�( �%� v
�  !NQ
R'�� �)� �� R�( �%� v
Z � XX
R� O
�� �) ��

R�( �%� v
�  !NQ
R'�� �)Q� XX
( X� �

[\]

¦



6= 2@ :2 9l8 _= 2 1;@. 08 1

3456 78 9:; <8= > ?
@ACBDDE

bo Lh §
L jp
s f
o L KdhH Js K

�}
WX!
� �O�
�N T'�%�) u�*
��

M��
 � �P %Q� X�%� XX�
 !�� v�
��
¨��� %N
��NQ
R!�� � vN
R� v
��¡ (� �Q� � �!%

M� � X�QN !x� X
� %Q�
�� x�
 � X%

M© �Q�' !� �Q� O
P � �%�N !�
�

Mª %�%�N O�%N
�� %�Q�
�)%� vN�%N
)�N�
P � �%P �� Y�
�

�}
WX!
� �O�
�N T'�%�) V+**
�|��N
�� �% v�
�O~ �

M+�P %N
R�
u�* T � �P �)N�%N
)�N�N�
�Q� �� �!Q� X
� W�v��N
( ��%P �Q�

M� N�N !%N !Q%�QQ
( O
( X�N�) !�% !
�� X�
P ��Q !% !�
�

� }
WX!
� �O�
�N T'�%�) +**
�| �N
�� �% v�
�O~ �

M� N�N !%N !Q%�QQ
( O
( X�N�) !�% !
�� X�
P ��Q !% !�
�| ��Q�%%� �� N�
%Q� X� O
�� �%'
�

%N� �)� �))� x!�N !�
�%N�
� x� !
)� x�
���  ~

WXXQ� O
P � �%�N !�
�%N�
P %
(%�N
R� ��N� X
+$*X!'
�� �� � �N�
�% !x� X
�

[\]

«



6= 2@ :2 9l8 _= 2 1;@. 08 1

3456 78 9:; <8= > ?
@ACBDDE

bo Lh §
L jp
s f
o L KdhH Js K
o L j�
s jf
h Kp
L

M�( �N !O
�%� �) ��
V% �

�( �N !O
�

��
V

u�*
�

z O��
� }� �� ���

V+**
�
�� O
z�
� }��� ���

+**
�
�� O
��
� }� �� ���

M��
�)�
��� ���N�% �

��¤£� �
�� £��

� �

z� }��
�� }z�

u�*
�
� �}��
� �}��

V+**
�
�� }��
�
� }��

+**
�
�� }��
�
� }��

My��QN� v!O
P �� x�)� ��

��
��
��
��

� �

�� }z�
� � }��

+**
��
� }��
�
� }��

[\]

¬



6 .@. 0la 9@= <`2l8` 01a

3456 78 9:; <8= > ?
@ACBDDE

b HhH Jp
ikjho q
gLp
sg JK
i

M� �� �)� W)�Q�
) !�� %�
P � ��N��
�%N�N !Q
V� +
� ��P R%

M"�Q Y�
�*
+� �
P � �% !�
��NN
R�
{++X� x� X

| � T� �� Ov�
�� �� � T� �� Ov�
�� W~

MW�Q O!
�!O!�
�N !�
�v�
�Q
��%% T �
�)Q�
�N� �N

¢ � � !
� �#­x�
��� ��
� £� �

¥

M� N�N�
)�N�
�O!
�!��N !�
�� �) O!
�!O!�
�N !�
�¢ +�
R�!� ��
��� !���
�!X�� £��¥

�( O'�
�� v

� �

� W

�� �� O%

� }�
+
� }� +

%N�N�%

� }� +
� }� +

� �Q%

�}� +
�
� }� +

M*
+N
�� !�!�� )�N� �
� +
 �
�)%
�  !NQ
R'�� �)� z� +
 �
�)%
 �'
%Q
�!P N%
ª ��

� +
 �
�)% "
�� � +
 �
�)%
y�� X!% R� !� �  �
�)� �) �+
 �
�)% v
�� O
""
�

[\]

®



6 .@. 0la 9@= <`2l8` 01a

3456 78 9:; <8= > ?
@ACBDDE

¯°
L ±
o h Kd Js K

h=

h=

h=

h=

h’=
 "blue"

h’=
 "ran am

ok"

n−
gram

 history states

ngram
 prob

B
ackoff factor

"T
he dog ran"

"dog ran"

"ran"

""

"quickly"

"hom
e"

"fast"

S
uccessor w

ords

"am
ok"

"blue"

"hazy"
unigram

 state

[\]

^D



6 .@. 0la 9@= <`2l8` 01a

3456 78 9:; <8= > ?
@ACBDDE

² jsdd t³s jgh jp fJKJfJ´
hH Js K

1234

112341 1 1444

234

wwww
pp p p p p

F
actored graph

U
nfactored graph

p

[\]

^^



6 .@. 0la 9@= <`2l8` 01a

3456 78 9:; <8= > ?
@ACBDDE

µLp
sgL jp q
h jhp
HL jJdH Jpd

M� N�N�
| �� �Y~ P �( �!�� �%�
PP �%�)N�'�� O
P �( �!��| z�� �QN !x�

%N�N�%S v�� O� v�
�� �� �z�� �QN !x�%N�N�%S v�� O� v�
�� W~

M{!�
�� �Q R!Q� X
� �(%% !� �� x� X
(�N !�
�)�Q�
(P X�) v
�� O
%�� �Q R

¶Z � O
P � �� �N%Q X
(%N�
��)N� �� ��� �(%% !� �% }
V� ���Q
Rv
�� O�
� � x� X
(�N�

�
�X� N
R�
� �(%% !� �%
 R!Q
RO�P N�N
R�N�
PU·Q X
(%N�
�% }

| ·
¸�� v�
�� �

� �) ·
¸��� v�
�� W~

¶� N ��� O!
�� � �+�� �N�
�% !�
��!
�%N
�(QN !�
�%� vN
R� ��
�N !( O
�P ��Q�%%�
�

¶� �(%% !� �%%�
�N�)'
� N�
P TX� x� XQ X
(%N�
�

M{� �) X!�� � vX�� � �%� v
�( XX%N�N�%

| �'%�
�x�N !�
�%� O!NN�)�
�%N�N�%
��N� �Q%~

M� �� �Q R�
��� �%)(�N�
P �( �!�� �

� �
�� }z�S � }�� � ���
�� }��S �}��
��

� W�
� }��S � }� �� ���
�
� }��S �}��
��

[\]

^B



6 .@. 0la 9@= <`2l8` 01a

3456 78 9:; <8= > ?
@ACBDDE

¹º
»¼ ½

¾¹ t¹º
�
o L j�
s jf
h Kp
L¿ dLh jp q
s KIcÀ

30 32 34 36 38 40 42 44 46 48 50

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.4
0.45

WER (%)Á

R
T

F
 (xR

T
)

"rtf-w
er2.dat"

[\]

^E



Â 8 1l /-; 08 1

3456 78 9:; <8= > ?
@ACBDDE

² s Kp IGd Js K

M�
 � TP �%%
)�Q�
) !�� %N
��N�� �  !N
R� �)�P N�N !�
�P �%%�% !
�'�N
 ��
�

M� N�N !Q
� ��P R)�Q�
) !�� !%N
R��
�X�  �� v�
�� ��QQ
( ��N� ��
��%� %N� O

M� !�� X�N
�� �% v�
�O�)�P N�N !�
�!% X!O!N�)

M��Q�
�%�
�%(%� ��
�� x�
�

M� }��
��X�%%
)(�N�
�S �

[\]

^�


